matics Research Center, Aarhus, Denmark (http:// www.bioinf.au.dk/tmRDB/). The tmRDB collects and distributes information relevant to the study of tmRNA. In trans-translation, this molecule combines properties of tRNA and mRNA and binds several proteins to form the tmRNP. Related RNPs are likely to be functional in all bacteria. In this release of tmRDB, 186 new entries from 10 bacterial groups for a total of 274 tmRNA sequences have been added. Lists of the tmRNAs and the corresponding tmRNAencoded tag-peptides are presented in alphabetical and phylogenetic order. The tmRNA sequences are aligned manually, assisted by computational tools, to determine base pairs supported by comparative sequence analysis. The tmRNA alignment, available in a variety of formats, provides the basis for the secondary and tertiary structure of each tmRNA molecule. Three-dimensional models of the tmRNAs and their associated proteins in PDB format give evidence for the recent progress that has been made in the understanding of tmRNP structure and function.
tmRDB 
tmRNA FUNCTION
Trans-translation is a process characterized by the movement of a ribosome from the 3 0 -end of damaged mRNA to the resume codon of tmRNA. This step results in the covalent attachment of a tmRNA-encoded tag-peptide to the incompletely-translated polypeptide and is followed by the proteolytic destruction of the protein. The ribosome is released to initiate another round of translation. Several proteins have been shown to bind to tmRNA, including elongation factor Tu, protein SmpB and ribosomal protein S1. For reviews, see (1, 2) . Recent studies highlight some circumstances that trigger tmRNA binding to ribosomes and the transfer of the truncated protein from tRNA to tmRNA (3) (4) (5) .
tmRDB DESCRIPTION
The tmRDB provides aligned, annotated, and phylogenetically ordered sequences related to tmRNA structure and function. New and updated tmRNAs were obtained by using a representative subset of sequences as input for BLASTN to search GenBank (6), the various genome sequencing projects accessible via the World Wide Web, and the tmRNAWebsite (7).
186 new tmRNA sequences (a total of 274) were from the following species (ordered alphabetically): Acinetobacter ADP1, Actinobacillus pleuropneumoniae, Agrobacterium tumefaciens, Alcaligenes faecalis, Azotobacter vinelandii, Bacillus halodurans, B.stearothermophilus, Bacteroides forsythus, B.fragilis, Bolidomonas species plastid, Bordetella parapertussis, Brucella melitensis, Buchnera species, Burkholderia cepacia, B.fungorum, B.mallei, B.pseudomallei, Carboxydothermus hydrogenoformans, Carnobacterium piscicola (partial sequence), Chlamydophila abortus, Chloroflexus aurantiacus, Chromobacterium violaceum, Chroococcidiopsis species, *To whom correspondence should be addressed. Tel: þ1 903 877 7689; Fax: þ1 903 877 5731; Email: zwieb@uthct.edu
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Nucleic Because of the significant increase in the number of sequences, the tmRDB nomenclature for the abbreviated species names were revised to include the first four letters of the genus and species name, respectively, with modifiers to indicate organelles (chloroplast, cyanelle, or mitochondrion), a partial sequence, or ambiguous residues.
Using BioEdit, available at http://www.mbio.ncsu.edu/ BioEdit/bioedit.html, the previously described criteria (8) were applied to incorporate the new sequences into the previous tmRNA alignment (9) . Automated procedures were avoided as they tended to maximize base pairing and ignore idiosyncratic properties. The alignment was submitted iteratively to RNAdbtool (10), accessible at http://www.bioinf.au.dk/ rnadbtool, to check base pairing consistency, phylogenetic support, and discover helical extensions. The tRNA-and mRNA-like portions, the four pseudoknots, and a total of 17 helices were confirmed, although certain features were absent in some tmRNAs (11) . The secondary structures of the nine organelle tmRNAs were improved, and two residues were found to be inserted in the tmRNA of Dehalococcoides ethenogenes which might form a base pair in the conserved tRNA-like portion. However, it is currently unknown if this tmRNA is functional.
The tmRDB also provides alignments of predicted tmRNA encoded tag peptides, several tmRNA secondary structure models, and tentative three-dimensional models in PDB format generated interactively with ERNA-3D (12) followed by refinement using VCMD (13) , as well as information about the tmRNA-associated proteins alanyl-tRNA synthetase, elongation factor Tu, SmpB, and ribosomal protein S1.
ACCESS
The data are freely accessible for research purposes at http:// psyche.uthct.edu/dbs/tmRDB/tmRDB.html, http://www.ag. auburn.edu/mirror/tmRDB/ and http://www.bioinf.au.dk/ tmRDB/. Suggestions should be directed to zwieb@uthct. edu. J.G. and B.K. can be reached at the email addresses gorodkin@bioinf.kvl.dk and bk@bioinf.au.dk, respectively. J.B. can be contacted at jodymburks@hotmail.com, and J.W. at jwower@acesag.auburn.edu. This article should be cited in research projects assisted by the use of the tmRDB.
